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1.1. Bridge Safety models 
,Q VHYHUDO VWXGLHV LQ WKH OLWHUDWXUH UHVHDUFKHUV GHYHORSHG D FRPSOHWH RU SDUWLDO EULGJH VDIHW\PRGHO EDVHG RQ
SUREDELOLVWLFDVVHVVPHQWRIORDGDQGRUUHVLVWDQFH7KHPDLQIRFXVRIWKHVHVWXGLHVKRZHYHUYDULHVZLGHO\5RFKDHW
DO >@ IRFXV RQ WKH VDIHW\ DVVHVVPHQW RI VKRUW VSDQ UDLOZD\ EULGJHV IRU LGHQWLI\LQJ FULWLFDO WUDLQ VSHHGV DQG WKH
DVVRFLDWHGSUREDELOLW\RIIDLOXUH+DMLDOL]DGHKHWDO>@SULPDULO\VWXG\WKHHIIHFWRIVSDWLDOFRUUHODWLRQRIERWKORDG
DQG UHVLVWDQFH RQ WKH SUREDELOLW\ RI IDLOXUH RI FRQFUHWH URDG EULGJHV 7KH SULQFLSDO DLP LQ =KRX HW DO >@ LV WR
TXDQWLI\WKHHIIHFWRISURMHFWHGWUDIILFJURZWKRQWKHWLPHGHSHQGHQWUHOLDELOLW\RIDUHLQIRUFHGFRQFUHWH5&EULGJH
DFFRXQWLQJ IRU VWUXFWXUDO GHWHULRUDWLRQ FDXVHG E\ FKORULGH LQGXFHG FRUURVLRQ 0DUVK 	 )UDQJRSRO >@ DOVR
FRQFHQWUDWHRQWKHGHWHULRUDWLRQPRGHORIDQ5&EULGJHGHFNEXWLPSURYHWKHPRGHOE\LQFRUSRUDWLQJFRUURVLRQUDWH
VHQVRUGDWD
7KHVHZRUNVFDQDOVREHGLVWLQJXLVKHGWKURXJKWKHVLPSOLILFDWLRQVLGHDOL]DWLRQVDQGWKHDSSOLFDWLRQOHYHOV,QWKH
SUHVHQW ZRUN ERWK ORDG DQG UHVLVWDQFH RI D RQHGLUHFWLRQDO VLQJOH ODQH EULGJH DUH PRGHOOHG LQ D SUREDELOLVWLF
FRQWH[W DFFRXQWLQJ IRU ORFDOL]HG GDPDJH DQG WKH EULGJH VDIHW\ LV IRXQG E\ FRPELQLQJ WKHP DQG FDOFXODWLQJ WKH
SUREDELOLW\RIORDGH[FHHGLQJFDSDFLW\7KHVWUXFWXUDOPRGHORIWKHEULGJHLVJUHDWO\VLPSOLILHGDQGORDGVRWKHUWKDQ
GHDGDQGWUDIILFORDGVDUHLJQRUHGVLQFHWKHHPSKDVLVLVSODFHGRQWKHSUREDELOLVWLFDVVHVVPHQWWKHLQWURGXFWLRQRI
GDPDJHDQGWKHJOREDOPHWKRGRORJ\
1.2. Bayesian updating 
%D\HVLDQ XSGDWLQJ LV D SRZHUIXO WHFKQLTXH IRU FRPELQLQJ D SUREDELOLVWLF PRGHO ZLWK D OLPLWHG YROXPH RI
LQIRUPDWLRQ IURP PHDVXUHPHQW WR HQKDQFH WKH H[LVWLQJ PRGHO ,W KDV DOUHDG\ EHHQ XVHG IRU VHYHUDO GLIIHUHQW
SUREOHPV LQ WKH ILHOG RI VWUXFWXUDO HQJLQHHULQJ VXFK DV IRU HVWLPDWLQJ EULGJH FKDUDFWHULVWLF ORDG HIIHFWV >@ IRU
SUHGLFWLRQRI WKHHIIHFWVRIFRUURVLRQRQ5&EHDPEHDULQJFDSDFLW\>@RUIRUXSGDWLQJHLWKHUIDWLJXHUHOLDELOLW\RI
VWHHO VWUXFWXUHV >@ RU GHJUDGDWLRQ RI5& VWUXFWXUHV >@ XVLQJ QRQGHVWUXFWLYH WHVW GDWD ,Q WKH IUDPHZRUN RI WKLV
SDSHUDVLPSOHGHIOHFWLRQEDVHGGDPDJHLQGLFDWRU',ZLOOEHXVHGDVWKHPHDVXUHPHQWGDWDIRUXSGDWLQJWKHEULGJH
VDIHW\ PRGHO DQG WKXV IRU REWDLQLQJ D EHWWHU PHDVXUH RI WKH DFWXDO FRQGLWLRQ RI WKH VWXGLHG 5& EULGJH ,W LV
DFNQRZOHGJHG WKDW PRUH UHDOLVWLF GDPDJH LQGLFDWRUV H[LVW ± GHIOHFWLRQ LV XVHG KHUH VLPSO\ WR GHPRQVWUDWH WKH
FRQFHSW
,QLWLDOEULGJHVDIHW\PRGHO
2.1. Resistance model 
7KH UHVLVWDQFH RI WKH EULGJH LV GHILQHG DV WKH EHQGLQJ PRPHQW FDSDFLW\ RI DQ 5& GHFN FURVVVHFWLRQ 7KLV
UHVLVWDQFH LV FDOFXODWHG XVLQJ ERWK GHWHUPLQLVWLF DQG UDQGRP YDULDEOHV IRU WKH JHRPHWULF FRQFUHWH DQG VWHHO
UHLQIRUFHPHQW SURSHUWLHV7KH LQFRUSRUDWHG UDQGRPYDULDEOHV H[SODLQHG LQ VHFWLRQ DQG WKHLU GHVFULSWLRQV KDYH
EHHQ WDNHQIURP WKH OLWHUDWXUH >@>@>@>@7KHEULGJH LV UHSUHVHQWHGE\D VLPSOLILHG'EHDPPRGHO6SDWLDO
YDULDELOLW\LVQRWDFFRXQWHGIRUDORQJWKHOHQJWKRIWKHEHDPKRZHYHUORFDOL]HGGDPDJHLVLQWURGXFHG
2.2. Dead load model 
$V IRU WKH UHVLVWDQFH WKH GHDG ORDG PRGHO LQFRUSRUDWHV UDQGRP YDULDEOHV WKDW FDQ EH GHILQHG DFFRUGLQJ WR
ILQGLQJV UHSRUWHG LQ WKH OLWHUDWXUH HJ DIWHU$NJO >@ ,W DFFRXQWV IRU WKHZHLJKW RI FRQFUHWH DQG WKH VXUIDFH
DVSKDOW OD\HU 2WKHU EULGJH HTXLSPHQW LV QRW WDNHQ LQWR DFFRXQW DV WKH FRUUHVSRQGLQJ ORDG DQG LWV YDULDWLRQ DUH
UHODWLYHO\VPDOO,WFDQDOVREHQRWHGKHUHWKDWRWKHUORDGVVXFKDVZLQGWKHUPDODQGVHLVPLFDUHQRWFRQVLGHUHGLQ
WKHFXUUHQWVWXG\
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2.3. Traffic load model 
7KHWUDIILFORDGPRGHOIRUWKLVVWXG\LVEDVHGRQ:HLJKLQ0RWLRQ:,0GDWD7KHUDZ:,0GDWDZDVFOHDQHG
DQGILOWHUHGIRUTXDOLW\DVVXUDQFHSXUSRVHV7KHUHDUHGLIIHUHQWWHFKQLTXHVIRUFOHDQLQJ:,0GDWD>@>@>@DQG
WKHILQDO UHVXOWGHSHQGVRQ LQGLYLGXDOVXEMHFWLYHGHFLVLRQV)RU WKHSXUSRVHRI WKLVVWXG\ LW LVGHFLGHG WRIRFXVRQ
WUXFNV WKDWFDQ WUDYHOZLWKRXWVSHFLDOSHUPLWRQ URDGV LH VWDQGDUGYHKLFOHV7KHFDOFXODWLRQRI WKHUHOHYDQW ORDG
HIIHFWV ZKLFK DUH GHILQHG DV WKH GDLO\ PD[LPXP YDOXHV LQGXFHG E\ WKH WUDIILF ORDG DQG WKH UHODWHG VWDWLVWLFDO
LQWHUIHUHQFHPHWKRGDUHH[SODLQHGLQPRUHGHWDLOLQVHFWLRQ
2.4. Probability of failure 
,Q WKHSUHVHQWVWXG\ WKH IDLOXUHRI WKHEULGJH LVGHILQHGDV WKHIDLOXUHRIDQ\RI LWV VHJPHQWV RQHRUPRUHDWD
WLPH7KHUHDUHVHYHUDOSRVVLEOHZD\VWRREWDLQWKLVJHQHUDOSUREDELOLW\RIIDLOXUH+RZHYHUGXHWRWKHFRPSOH[LW\RI
FLYLO HQJLQHHULQJ VWUXFWXUHV DQDO\WLFDO VROXWLRQV FDQ UDUHO\ EH GHULYHG+HQFH0RQWH&DUOR VLPXODWLRQ LVZLGHO\
SUHIHUUHG DQG LWV VXLWDELOLW\ KDV DOUHDG\EHHQSURYHQ LQ VHYHUDO VWXGLHV >@>@>@ IRU FRPSXWLQJSUREDELOLWLHV RI
VWUXFWXUDO IDLOXUH $VVXPLQJ IXOO FRUUHODWLRQ EHWZHHQ WKH VHJPHQWV WKH UHVXOWV DUH LQGHSHQGHQW IURP WKH
GLVFUHWLVDWLRQRIWKHEULGJHDVVKRZQLQWKHIROORZLQJIRUPXODV
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%D\HVLDQXSGDWLQJ
3.1. Prior distribution of bar area loss 
7KHDLPRIWKHPHWKRGRORJ\LVWRHYDOXDWHDJHLQJEULGJHVRUEULGJHVVXEMHFWWRLQWHUYHQWLRQZKHUHWKHRFFXUUHQFH
RIGDPDJHFDQQRWEHLJQRUHG,QPRVWRIWKHVWXGLHVWRGDWHGDPDJHRIUHLQIRUFHGFRQFUHWHEULGJHVLVDFFRXQWHGIRU
WKURXJK D FRUURVLRQSURFHVV WKDW UHVXOWV LQ D ORVV RI DUHD RI WKH UHLQIRUFHPHQW DQGKHQFH JLYHV D WLPHGHSHQGHQW
UHVLVWDQFH PRGHO DV SUHVHQWHG E\ (QULJKW 	 )UDQJRSRO >@ $GGLWLRQDOO\ LQ PDQ\ UHFHQW VWXGLHV WKH VSDWLDO
YDULDELOLW\RIUHVLVWDQFHLVDOVRDFFRXQWHGIRU>@>@>@
,Q WKHQH[WVWHSRI WKHPHWKRGRORJ\ LW LVDVVXPHGWKDW ORFDOL]HGFRUURVLRQGDPDJH LVGLVFRYHUHGRQ WKHEULGJH
7KHUHIRUH WKH SUHVHQFH RI GDPDJH LV QRW LQ TXHVWLRQ EXW LWV VHYHULW\ LV XQNQRZQ &RUURVLRQ LV RQH RI WKHPRVW
FRPPRQVRXUFHVRIGDPDJHRI5&EULGJHVDQGKHQFHWKLVVWXG\IRFXVHVXQLTXHO\RQLW7KHWLPHWKDWLVQHHGHGIRU
FRUURVLRQLQLWLDWLRQDQGWKHVSHHGRIWKHFRUURVLRQSURSDJDWLRQDUHKLJKO\GHSHQGHQWRQWKHHQYLURQPHQWWKHEULGJH
LVORFDWHGLQHJRQWKHKXPLGLW\RIWKHHQYLURQPHQWWKHSUHVHQWSROOXWLRQRUWKHDPRXQWRIVDOWXVLQJIRUGHLFLQJ
RQRUXQGHUWKHEULGJH8VLQJWKHDSSURSULDWHIRUPXODVLWLVSRVVLEOHWRDSSUR[LPDWHDEDUDUHDORVVGXHWRFRUURVLRQ
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DVDIXQFWLRQRIWLPH>@>@>@>@>@,QWKHSUHVHQWSDSHUWKHGHVFULSWRUVRIWKHGLVWULEXWLRQRIWKHEDUDUHDORVV
DUHWDNHQIURP>@
3.2. Damage indicator 
7KHSULRUGLVWULEXWLRQRIEDUDUHDORVVWKDWLVVROHO\EDVHGRQWKHOLWHUDWXUHLQYROYHVKLJKOHYHOVRIXQFHUWDLQW\DQG
WKHUHIRUHLWPD\EHDGYDQWDJHRXVWRXSGDWHLWZLWKWKHXVHRIUHDOWLPHGDWD7KHVHGDWDFDQEHRIVHYHUDONLQGVHJ
0DHWDO>@XVHILHOGPHDVXUHPHQWVLQDGHPROLVKHG5&EULGJHRIFRQFUHWHFRYHUWKLFNQHVVFRQFUHWHVWUHQJWKDQG
UHLQIRUFHPHQWORVVWRXSGDWHWKHLUSUREDELOLVWLFVWUHQJWKGHJUDGDWLRQPRGHO+RZHYHUWKHDLPRIWKHSUHVHQWSDSHULV
WRGHPRQVWUDWHDPHWKRGRORJ\WKDWFDQEHXVHGIRUEULGJHPDLQWHQDQFH7KXVLWLVQRWUHDOLVWLFWRLQYROYHGDWDWKDW
FDQEHREWDLQHGRQO\DIWHUGHPROLVKLQJWKHEULGJH)RUWKLVSXUSRVHLWLVSURSRVHGWRDSSO\%D\HVLDQXSGDWLQJEDVHG
RQDGDPDJHLQGLFDWRU',7KHUHDUHYDULRXV',VWKDWFDQEHXVHGLQWKHSURSRVHGPRGHO7KHLPSRUWDQWSRLQWLVWR
ILQG',VZKLFKDUH
• (DV\DQGIDVWWRPHDVXUH
• /HDGWRQRUHVWULFWLRQRQWKHWUDIILFIORZ
• *LYHUHOHYDQWLQIRUPDWLRQDERXWSRVVLEOHGDPDJHH[WHQW
• $QGGDPDJHORFDWLRQLQWKHEULGJH
7R ILQG UHOLDEOH DQG DSSURSULDWH',V WKDW VXLW DOO WKHVH UHTXLUHPHQWV LV D UHDO FKDOOHQJH7KHUHIRUH LW KDVEHHQ
GHFLGHGWRILUVWHVWDEOLVKWKHPHWKRGRORJ\DQGDQDO\VHWKHUHVXOWVXVLQJYHU\VLPSOH',VEDVHGRQWKHGHIOHFWLRQGDWD
RIWKHEULGJH,QWKLVFDVHWKHGHIOHFWLRQVKDYHEHHQFDOFXODWHGIURPDQDVVXPHGPRYLQJUHIHUHQFHDVIURPDPRYLQJ
YHKLFOHEXWVLPLODUUHVXOWVZRXOGEHH[SHFWHGIURPDIL[HGUHIHUHQFHVXFKDVDODVHUPHDVXUHPHQWGHYLFHIL[HGWR
WKHEULGJH7KHORFDWLRQRIWKHGDPDJHDVZDVPHQWLRQHGEHIRUHLVWREHNQRZQDQGWKHTXHVWLRQRILQWHUHVWLVWKH
H[WHQWLHWKHVHYHULW\RILW7KHFKRVHQ',VDUHGHILQHGDVWKHDUHDVXQGHUWKHPRYLQJUHIHUHQFHGHIOHFWLRQFXUYHV
IRUWKHWZRD[OHVRIWKHYHKLFOH7KHVHPHDVXUHVDUHDEOHWRSURYLGHLQIRUPDWLRQDERXWWKHDFWXDOVWLIIQHVVORVVRIWKH
EULGJHUHODWLYHWRWKHEULGJH¶VRULJLQDOKHDOWKFRQGLWLRQFRUUHVSRQGLQJWRWKHSULRUFDOFXODWLRQRIEULGJHUHOLDELOLW\
3.3. Connection between stiffness loss and moment capacity loss  
$FFRXQWLQJIRU WKHEDUDUHDORVVGXH WRFRUURVLRQ LVDVXLWDEOHZD\WRFRQVLGHUGDPDJHQRWRQO\EHFDXVHRI LWV
REYLRXVFRQWULEXWLRQWRFDSDFLW\ORVVEXWDOVREHFDXVHLWVLPLODUO\DIIHFWVWKHVWLIIQHVVRIWKHEULGJH7KHVWLIIQHVVRI
WKHEULGJHLVDSSUR[LPDWHGDFFRXQWLQJIRUERWKFRQFUHWHDQGVWHHOSURSHUWLHVZKLOHQHJOHFWLQJWKHFUDFNHGSDUWRI
FRQFUHWHDVLVVKRZQLQHTXDWLRQ,QWKLVVHQVHZKLOHGHFUHDVLQJWKHDUHDRIVWHHOWKHVWLIIQHVVGHFUHDVHVDVZHOO
7KH FRQQHFWLRQ EHWZHHQ WKH EDU DUHD ORVV DQG WKH EHQGLQJ PRPHQW FDSDFLW\ ORVV LV ZHOO HVWDEOLVKHG LQ PDQ\
WH[WERRNVVRQRIXUWKHUH[SODQDWLRQLVSURYLGHGKHUH

ic IES ⋅=  
ZKHUH Ec LV WKH PRGXOXV RI HODVWLFLW\ RI WKH FRQFUHWH ZKLOH Ii LV WKH VHFRQG PRPHQW RI DUHD RI WKH LGHDOL]HG
FRPSRVLWHVWHHODQGFRQFUHWHFURVVVHFWLRQ
)LJVKRZVWKDWLQWKHSUREDELOLVWLFPRGHODQHDUO\OLQHDUFRUUHODWLRQFDQEHGHULYHGEHWZHHQVWLIIQHVVDQGEDU
DUHDORVVDQGEHWZHHQFDSDFLW\DQGEDUDUHDORVV7KLVILQGLQJYHULILHVWKHFRQFHSWRIWUDQVIRUPLQJWKHVWLIIQHVVORVV
ZKLFK LQIRUPDWLRQ LV LPSOLFLW LQ WKH',V LQGLUHFWO\ LQWRDFDSDFLW\ ORVV7KHFRUUHODWLRQEHWZHHQVWLIIQHVVDQGEDU
DUHDORVVLVDSSUR[LPDWHGE\DOLQHDUPRGHODQGWKHEDUDUHDORVVSULRUGLVWULEXWLRQLVXSGDWHGZLWKWKHGDWDREWDLQHG
WKURXJKWKLVOLQHDUPRGHODQGEDVHGRQWKHVWLIIQHVVORVVGDWDFRPLQJIURPWKH',V

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
)LJ/LQHDUFRUUHODWLRQEHWZHHQWKHEDUDUHDORVVDQGVWLIIQHVVDQGWKHEDUDUHDORVVDQGWKHPRPHQWFDSDFLW\IRUVKRUWVSDQ5&EULGJHVWKDW
VOLJKWO\GLIIHULQPDWHULDODQGJHRPHWULFSURSHUWLHV
([DPSOHDSSOLFDWLRQ
4.1. Bridge resistance and dead load models 
,Q WKLV H[DPSOH WKH EULGJH LV DVVXPHG WR EH D VLPSO\ VXSSRUWHG 5& VROLG VODE EULGJH ZKRVH JHRPHWU\ LV
SUHVHQWHG)LJ7REXLOG WKH UHVLVWDQFH DQGGHDG ORDGPRGHOV VHYHUDOSDUDPHWHUV DUH WDNHQ VWRFKDVWLFDOO\ XVLQJ
SDUDPHWHUV IRXQG LQ WKH OLWHUDWXUH DQG WKHLU GLVWULEXWLRQV 7DEOH  $OO YDULDEOHV DUH FRQVLGHUHG WR EH QRUPDOO\
GLVWULEXWHGH[FHSWIRUWKH\LHOGVWUHQJWKRIVWHHOZKLFKLVORJQRUPDOO\GLVWULEXWHGDFFRUGLQJWR>@6HJPHQWQRLV
DVVXPHGWRKDYHDFRUURVLRQSUREOHPDQGVRWKLVVHJPHQW¶VUHVLVWDQFHLVGHFUHDVHGE\LQYROYLQJDQH[WUDSDUDPHWHU
WKHEDUDUHDORVV7KHEDUDUHDORVVGLVWULEXWLRQZKLFKIROORZVDJDPPDGLVWULEXWLRQFRUUHVSRQGVWRGDWDRIQDWXUDOO\
FRUURGHG\HDUROG5&EHDPV>@


)LJ([DPSOH5&VROLGVODEEULGJH¶VDFURVVVHFWLRQDQGEORQJLWXGLQDOYLHZ
7DEOH6WRFKDVWLFSDUDPHWHUV
3DUDPHWHU 1RPLQDOYDOXH 8QLW 0HDQYDOXH 6WDQGDUGGHYLDWLRQ
6ODEGHSWK  >PP@  
&RQFUHWHFRYHU  >PP@  
&RQFUHWHFRPSUHVVLYHVWUHQJWK  >1PP@  
6WHHO\LHOGVWUHQJWK  >1PP@  
8QLWZHLJKWRIFRQFUHWH  >N1P@ [ [
8QLWZHLJKWRIDVSKDOW  >N1P@ [ [
7KLFNQHVVRIDVSKDOW  >PP@  
%DUDUHDORVV  >@ 6KDSH 6FDOH
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4.2. Daily maximum bending moment due to traffic load 
$Q H[WHQVLYH GDWDEDVH RI :HLJK LQ 0RWLRQ :,0 GDWD ZDV DYDLODEOH FRXUWHV\ RI WKH )HGHUDO +LJKZD\
$GPLQLVWUDWLRQ
V/RQJ7HUP3DYHPHQW3HUIRUPDQFH/733SURJUDP>@)RU WKHSXUSRVHRI WKLVVWXG\RQH\HDU
 RI GDWD IURP  VLWHV LQ WKH86$ DUH UHYLHZHG DQG DIWHU VRPH SUHOLPLQDU\ LQYHVWLJDWLRQ D W\SLFDO VLWH LV
FKRVHQ,OOLQRLV,7KHWRWDOQXPEHURIKHDY\YHKLFOHVLQWKLVGDWDEDVHLVIRUGD\VDOOZRUNLQJGD\V
LQZLWKDQDYHUDJHGDLO\WUXFNWUDIILFLQWKHPRQLWRUHGODQHRI
8VLQJWKLVSRSXODWLRQRIWUXFNVWKHEHQGLQJPRPHQWFDQEHFDOFXODWHGDWHDFKVHJPHQWRIWKHEULGJHLQGXFHGE\
HDFKYHKLFOHDWHDFKLQVWDQWLQWLPH+RZHYHULWZRXOGQRWEHHIILFLHQWDQGXVHIXOWRFDOFXODWHDQGVWRUHDOOWKHVHORDG
HIIHFWV7KHUHIRUHLWLVGHFLGHGWRFDOFXODWHGDLO\PD[LPXPYDOXHVLQDFFRUGDQFHZLWKWKH%ORFN0D[LPXPDSSURDFK
DVLWVHIILFLHQF\LVZHOONQRZQ>@>@>@$GUDZEDFNRIWKLVPHWKRGLVWKDWRQO\RQHORDGHIIHFWSHUGD\EORFNLV
FRQVLGHUHGUHJDUGOHVVRI WKHKHDYLQHVVRI WKHDFWXDOGD\¶V WUDIILF7KLVDSSURDFKKDV WKHGLVDGYDQWDJHRISRVVLEO\
LJQRULQJ VRPH H[WUHPH WUXFNV LQ WKH GDWDEDVH 7KLV VWXG\ FRQVLGHUV D VKRUW VSDQ EULGJH DQG KHQFH WKH GDLO\
PD[LPXPORDGHIIHFWVFDQEHREWDLQHGIURPWUXFNORDGLQJHYHQWVEDVHGRQWKHDVVXPSWLRQWKDW WKHVHHYHQWVDUH
LQGHSHQGHQWDQGLGHQWLFDOO\GLVWULEXWHGLLG
7KHUH DUH VHYHUDOZD\V WR DSSUR[LPDWH H[WUHPH GDWD VXFK DV GDLO\PD[LPXP ORDG HIIHFW WKURXJK WKH XVH RI
LQIHUHQWLDOVWDWLVWLFV)RUPD[LPXPEULGJH ORDGHIIHFWVVRPHRI WKHPRVWXVHG WDLO ILWWLQJDQGRWKHUPHWKRGVDUH
VWXGLHG LQ GHWDLO LQ+DMLDOL]DGHK¶VZRUN >@ )RU EHQGLQJPRPHQWV LQGXFHG E\ WKH SDVVDJH RI WKH WUXFNV RI WKH
GDWDEDVHWKHIRFXVLQWHUPVRIVDIHW\QHHGVWREHSODFHGRQWKHWDLORIWKLVGLVWULEXWLRQLHEDVHGRQH[WUHPHYDOXH
WKHRU\7KLVWDLOKRZHYHUFDQEHGHILQHGLQVHYHUDOZD\V6RPHDXWKRUVVXJJHVWWKHWRSĜnGDWD>@ZKHUHnLV
WKHQXPEHURIGDWDVRPHWKHWRS>@ZKLOH+DMLDOL]DGHK>@XVHVWKHWRSRIWKHGDWDDVDFRPSURPLVH
EHWZHHQWKHSUHYLRXVWZRGHILQLWLRQV,QWKHFXUUHQWFDVHLWLVGHFLGHGWRXVHWKHWRSĜnGDWDRIWKHGDLO\PD[LPXP
EHQGLQJ PRPHQWV IRU WDLO ILWWLQJ )RU ILWWLQJ WKLV EORFN PD[LPXP GDWD WKH *HQHUDOL]HG ([WUHPH 9DOXH *(9
GLVWULEXWLRQLVFKRVHQDIWHU&DVWLOOR>@*(9LVDIDPLO\RIWKUHHGLVWULEXWLRQV*XPEHOW\SH,)UpFKHWW\SH,,
DQGQHJDWLYH:HLEXOOW\SH,,,DQGLVZULWWHQDV>@

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ZKHUHμLVWKHORFDWLRQSDUDPHWHUıLVWKHVFDOHSDUDPHWHUDQGȟLVWKHVKDSHSDUDPHWHU'HSHQGLQJRQWKHLQGLYLGXDO
FDVHVDQ\RI WKHDERYHWKUHHGLVWULEXWLRQFDQEHFRQILGHQWO\ILWWHGWR WKHFROOHFWLRQRIH[WUHPHGDWD WKRXJKVRPH
DXWKRUV >@ DUJXH WKDW )UpFKHW LV XQVXLWDEOH IRU EULGJHV JLYHQ WKH QDWXUDO OLPLW RQ WKH VSDFH DYDLODEOH DQG WKH
FDSDFLW\ RI D[OHV 8VLQJ D *XPEHO SUREDELOLW\ SDSHU SORW LW LV SRVVLEOH WR REWDLQ DQ LGHD DERXW ZKLFK *(9
GLVWULEXWLRQWKHGDLO\PD[LPXPGDWDIROORZVPRVWFORVHO\$SSO\LQJWKHPD[LPXPOLNHOLKRRGPHWKRGERWK*XPEHO
DQG:HLEXOO GLVWULEXWLRQVDUH ILWWHG IRU WKH WDLO DVVXPHG WR FRQWDLQĜn QXPEHURIGDWDSRLQWV DQGEDVHGRQ WKH
UHVXOWVRIWKH.ROPRJRURY6PLUQRYWHVWWKHEHWWHURQHLVVHOHFWHG
4.3. Probability of failure 
7KHSUREDELOLW\RIIDLOXUHLVFDOFXODWHGWKURXJKHTXDWLRQVXVLQJ0RQWH&DUORVLPXODWLRQZLWKDVDPSOHVL]HRI
 DQG DFFRXQWLQJ IRU IXOO VSDWLDO FRUUHODWLRQ IRU ERWK WKHPRPHQWV GXH WR GHDG ORDG DQG WUDIILF ORDG DORQJ WKH
EULGJH 7KLV LV RQ WKH EDVLV WKDW LI RQH VHJPHQW RI WKH EULGJH H[SHULHQFHV DQ H[WUHPHO\ ODUJH LQGXFHG EHQGLQJ
PRPHQWWKHQLWLVYHU\SUREDEOHWKDWDOOWKHRWKHUVZLOOGRVRDVZHOO7KHFDOFXODWHGJHQHUDOSUREDELOLW\RIIDLOXUHRI
WKHVWXGLHGEULGJHDVVXPLQJFRUURVLRQGDPDJHLVSUHVHQWLQVHJPHQWLV·VHH7DEOH
4.4. Bayesian updating 
7KHXSGDWLQJLVSHUIRUPHGRQWKHSULRUGLVWULEXWLRQRIWKHUHEDUDUHDORVVIRUVHJPHQWRIVHJPHQWVDQGWKH
VWLIIQHVV ORVVGDWDREWDLQHG  IURPDSRSXODWLRQRIYHKLFOHVSDVVLQJXVLQJ WKHDUHDVXQGHU WKHGHIOHFWLRQFXUYHVDV
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',V7KLV',LVGLUHFWO\UHODWHGWRDVWLIIQHVVORVVWKDWFDQEHFRQYHUWHGLQWRUHEDUDUHDORVVWKURXJKWKHOLQHDUPRGHO
SUHVHQWHGLQ)LJ7KHSRVWHULRUGLVWULEXWLRQRIWKHUHEDUDUHDORVVFDQWKHQEHIRXQGE\DSSO\LQJWKH0DUNRY&KDLQ
0RQWH&DUORPHWKRG0&0&ZLWKWKH0HWURSROLV+DVWLQJVDOJRULWKP>@7KHHIIHFWRIXSGDWLQJGHSHQGVKLJKO\
RQ WKHPHDVXUHG', LH WKH DFWXDO VWDWH RI WKH EULGJH ,I WKH DFWXDO VWDWH GLIIHUV VWURQJO\ IURP WKH GHILQHG SULRU
GLVWULEXWLRQWKHQWKHHIIHFWRIXSGDWLQJLVVLJQLILFDQW7KHGHVFULSWRUVRIWKHSULRUDQGWKHSRVWHULRUGLVWULEXWLRQVRI
WKHUHEDUDUHDORVVLQWKHFDVHVRIDQDOLJKWO\EPRGHUDWHO\RUFVHYHUHO\GDPDJHGEULGJHFDQEHIRXQGLQ7DEOH
ZKLOHLQ)LJWKHSULRUDQGSRVWHULRUJDPPDGLVWULEXWLRQVDUHVKRZQ


)LJ3UREDELOLW\GHQVLW\IXQFWLRQVRISULRUDQGSRVWHULRUJDPPDGLVWULEXWLRQVRIEDUDUHDORVV
8VLQJ WKHXSGDWHG UHEDUGLVWULEXWLRQ WKHSUREDELOLW\RI IDLOXUHRI WKHEULGJH LV UHFDOFXODWHG7KH UHVXOWVRI WKH
SUREDELOLW\ RI IDLOXUH EHIRUH XSGDWLQJ DQG DIWHU WKH WKUHH GLIIHUHQW XSGDWLQJV ZKLFK UHSUHVHQW WKUHH GLIIHUHQW
VHYHULWLHVRIGDPDJHDUHSUHVHQWHGLQ7DEOH7KHLQLWLDOSULRUGLVWULEXWLRQLQGHHGVWURQJO\LQIOXHQFHVWKHUHVXOWV
RIWKHSRVWHULRUGLVWULEXWLRQV7KLVLVGXHWRKDYLQJRQO\RQHPHDVXUHPHQWDWDWLPH7KHHIIHFWRIFKRRVLQJWKHSULRU
GLVWULEXWLRQDQGWKHUHODWHGVHQVLWLYLWLHVZLOOEHGLVFXVVHGGXULQJWKHSUHVHQWDWLRQ
7DEOH5HVXOWVRI%D\HVLDQXSGDWLQJLQFDVHRIWKUHHGLIIHUHQWGDPDJHOHYHO
'DPDJHOHYHO 6WLIIQHVVORVVREWDLQHG
WKURXJKWKH',>@
&RUUHVSRQGLQJEDU
DUHDORVV>@
*DPPDGLVWULEXWLRQ 3UREDELOLW\RIIDLOXUH>ā@
 6KDSHSDUDPHWHU 6FDOHSDUDPHWHU 0HDQ &,
8VLQJWKHSULRUGLVWULEXWLRQ>@     >@
/LJKW      >@
0RGHUDWH      >@
6HYHUH      >@

&RQFOXVLRQV
$JHQHUDOEULGJHVDIHW\PRGHO LVSUHVHQWHG LQ WKLVSDSHU7KUHHPDLQSDUWVRI WKHPRGHO FDQEHGLVWLQJXLVKHG
PRPHQWFDSDFLW\PRPHQWLQGXFHGE\WKHGHDGORDGDQGPRPHQWLQGXFHGE\WKHWUDIILFORDG7KHPRGHOLQYROYHV
ORFDOL]HGGDPDJHGXHWRFRUURVLRQWKDWWKURXJKLQWURGXFLQJWKHEDUDUHDORVVSDUDPHWHUOHDGVWRGHFUHDVHGFDSDFLW\
RI WKH DIIHFWHG VHJPHQW 7KLV LQLWLDO PRGHO LV WKHQ XSGDWHG XVLQJ D GHIOHFWLRQ EDVHG GDPDJH LQGLFDWRU DQG WKH
FRUUHODWLRQEHWZHHQWKHEDUDUHDORVVDQGWKHVWLIIQHVVORVV7DEOHVXPPDUL]HVWKHUHVXOWVRIWKHLQLWLDOPRGHODQGRI
WKH XSGDWHG PRGHO DFFRXQWLQJ IRU WKUHH GLIIHUHQW OHYHO RI FRUURVLRQ GDPDJH ,W FDQ EH VHHQ WKDW DOWKRXJK WKH
GLVWULEXWLRQRIEDUDUHDORVVFKDQJHVVOLJKWO\EHWZHHQWKHGLIIHUHQWFDVHVWKHSUREDELOLW\RIIDLOXUHRIWKHEULGJHLV
DOUHDG\ DIIHFWHG0RUHRYHU LQ FDVH RIPRUH GDWD IRU H[DPSOH XVLQJ FRQWLQXRXVPHDVXUHPHQWV RYHU FRQVHFXWLYH
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\HDUV WKHXSGDWLQJZRXOG LQIOXHQFHPRUHKHDYLO\ WKHEDU DUHD ORVVGLVWULEXWLRQDQG VR WKHSUREDELOLW\RI IDLOXUH
7KLVVLPSOHH[DPSOHSURYHVWKHXVHIXOQHVVRIXSGDWLQJEULGJHVDIHW\PRGHOV
$FNQRZOHGJHPHQWV
7KHUHVHDUFKWKLVSDSHULVVXSSRUWHGE\IXQGLQJUHFHLYHGIURPWKH(XURSHDQ8QLRQ¶V+RUL]RQUHVHDUFKDQG
LQQRYDWLRQ SURJUDPPH XQGHU 0DULH 6NORGRZVND&XULH JUDQW DJUHHPHQW 1R  7KH )HGHUDO +LJKZD\
$GPLQLVWUDWLRQ)+:$RIWKH8QLWHG6WDWHVLVDOVRWKDQNHGIRUSURYLGLQJDFFHVVWRWKHLU:,0GDWDEDVH
5HIHUHQFHV
>@ -05RFKD$$+HQULTXHV5&DOoDGD3UREDELOLVWLFVDIHW\DVVHVVPHQWRIDVKRUWVSDQKLJKVSHHGUDLOZD\EULGJH(QJLQHHULQJ6WUXFWXUHV

>@ '+DMLDOL]DGHK(-2%ULHQ0*6WHZDUW7KHVHQVLWLYLW\RIEULGJHVDIHW\WRVSDWLDOFRUUHODWLRQRIORDGDQGUHVLVWDQFH6WUXFWXUHV

>@ ;< =KRX ) 6FKPLGW ) 7RXWOHPRQGH % -DFRE $SSO\LQJ :HLJKLQPRWLRQ WUDIILF GDWD WR UHOLDELOLW\ EDVHG DVVHVVPHQW RI EULGJH
VWUXFWXUHV,&266$5WK,QWHUQDWLRQDO&RQIHUHQFHRQ6WUXFWXUDO6DIHW\	5HOLDELOLW\-XQ1HZ<RUN
>@ 36 0DUVK '0 )UDQJRSRO 5HLQIRUFHG FRQFUHWH EULGJH GHFN UHOLDELOLW\ PRGHO LQFRUSRUDWLQJ WHPSRUDO DQG VSDWLDO YDULDWLRQV RI
SUREDELOLVWLFFRUURVLRQUDWHVHQVRUGDWD5HOLDELOLW\(QJLQHHULQJ	6\VWHP6DIHW\
>@ %(QULJKW&/HDK\(-2%ULHQ$%D\HVLDQDSSURDFKIRUHVWLPDWLQJFKDUDFWHULVWLFEULGJHWUDIILFORDGHIIHFWV&LYLO(QJLQHHULQJ5HVHDUFK
LQ,UHODQG%HOIDVW8.$XJXVW
>@ <0D-=KDQJ/:DQJ</LX3UREDELOLVWLFSUHGLFWLRQZLWK%D\HVLDQXSGDWLQJIRUVWUHQJWKGHJUDGDWLRQRI5&EULGJHEHDPV6WUXFWXUDO
6DIHW\
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3K'7KHVLV8QLYHUVLWpGH1DQWHV)DFXOWpGHV6FLHQFHVHWGHV7HFKQLTXHV
>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